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ABSTRACT 

Structural features that determine the differing rates of inunnnogiob* 
„ifn i-gtaiwifaem are of great rdevence to tbe engineering of immnnologl- 
cafly active reagents. Sequences is tbe Cg2 and 0^3 repud of IgG have 
been shown to regulate tbe rute of clearance through their interaction with 
YcRn* la an attempt to probe additional structural features that regulate 
antibody half-life* we have investigated two families or chimeric antibod- 
ies, composed of identical murine heavy and light ■ntidansyl variable 
regions joined to human K fight-chains and wild-type or shuffled hmnan 
IgG beavy-chnin constant regions. These aiitibodutf were iodinamd, and 
their clearance was studied in severe combined inimnnodeficknt mice 
hosts by whole-body radioactivity measurements. Clearances of the wfld- 
rype and recanminont antibodies were Diphasic. tn a panel of immuno- 
globulins derived from IgG 2 and IgGj, as succesave domains wen varied 

frftffi 'fttlT'fo p-X**** half-lift* gratingfly An*H****d from 337.0 h to 70^ h. 

Statistical analysis suggested that the composition of each of the three 
domains affected bahMHe, and no single region of the molecule by itself 
determined the rate of clearance, in the second panel of imnrnnftgtobultns 
derived from IgG, and IgG«> the construct with the amino terminus 
portion of the molecule derived from IgG* Joined within tbe Cy2 domain 
(d the COOH terminus portion of IgG r had a half-life paradoxically 
greater than either IgGi or IgG 4 (P < 0X12). All four IgG 1 /IgG 4 con- 
structs demonstrated presence of the concentration catabolism pbenome* 
non, which is a unique hallmark of Imnm iiinglfthiiHn cotaboUfim. The 
contribution of all three constant region domains to immunoglobulin 
balMiie may be due to distant conformational effects in addition to direct 
binding to protective receptors, and emphasizes tbe importance of distant 
sequences on the rate of imnunioglofoulm catabolism* Interesting possfl>B- 
ttles reovdiug mechanisms controlling inununogusbnun metabolism are 
raised by the hybrid yjy x molecule with a half-life greater than either 
parental inmiunoglobulln. Understanding the relationships between the 
fracture of these molecules and their clearance rate wfll former our 
ability to produce uumimogjobtillns with improved pharmacokinetic 
properties 



INTRODUCTION 

Over the last 2 decades, the concept of immunologically-targeted 
diagnostic and therapeutic agents has advanced from a laboratory 
curiosity to human clinical trials and ultimately to U. S, F- D- A- 
approval* in selected instances (I). Four radiolabeled murine mono- 
clonal antibodies are presently approved for human diagnostic use* 
and a number of other immunological agents ate in the developmental 
process for diagnostic arid therapeutic applicanons (1, 2). A limitation 
of many of these reagents is thai they contain at least portions of 
mnrmp mimimoglobtilins, which can lead to tbe production of human 
antimouse antibodies, affecting subsequent biodistribution (3) and 
potentially mteifering with antigen binding. For this reason, recom- 
binant DNA techniques have been applied xo redesign these foreign 
antibody molecules, making them more human-like, by "chimeriza- 
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tian p (4) or '^umanizadon" (3, 5, 6). Antibody constant-region struc- 
ture also determines the rate of intravascular clearance, which is a 
crucial variable in phannacoldnetxcs of antibody delivery. Modifica- 
tion of half-life by antibody engineering has not been as greatly 
explored, in part because the molecular structures that control immu- 
noglobulin homeostasis have only, recently begun to be elucidated in 
detail (7-9). 

From an experimental point of view, a study of the regulation of 
metabolism of human antibodies would be most naturally examined in 
msn; however, relevant studies cannot be easily performed in human 
subjects due to ethical and safety concerns, and animal investigation 
must instead represent the initial mode of study. We have previously 
reported on a model system (10) for studying the half-life of iodinated 
chimeric antibodies in SQD mice (1 1) thai lack a "mouse aatmiiman 
antibody'* response. Four chimeric proteins were studied, composed 
of idgntigaj murine antidansyl variable regions and human k light- 
chains and IgG heavy-chains. Whole-body half-lives for IgG^ were 
detennined to be 170.0 ± 15 J, 3123 ± 30-8, 59.8 ± 4.18,* and 
71.0 ± 334 h, respectively, and the «mcentraiic<iKatabolism phe- 
nomenon, a hallmark of normal IgG catabolism (12, 13),. was pre- 
served. In this model system, die terminal or J3 phase of whole-body 
half-life was statistically ^distinguishable from that of intravascular 
half-life (10). In an attempt to probe the structural correlates of 
antibody catabolism, we now extend our observations to include 
cimneric antibodies with successively shuffled or otherwise rear- 
ranged human constant regions, which have been useful tools in 
elucidating the structural basis of other immunoglobulin properties 
(14, 15). 



MATERIALS AND METHODS 

Jjnmunocjtobiilins. Two panels of imnuinoglocnuins were studied t^Tj 
constructs derived from portions of the IgG z and lg0 3 molecule and y,/?* 
constructs derived from IgG, and IgG A (Table 1). These recombinant immu- 
noglobulin* arc composed of identical murine heavy and tight antidansyl 
variable regions joined to human k Light-chains and wild-type or recombinani 
tinman IgG heavy<hain constant regions. Construction and expression of the 
inunuaoglobnlins has been described previously (15). In die jjfj constructs, 
the heavy-chain constant region domains arc positioned appropriately widun 
the imnninoglobuhn molecule, but derive variably from either or y^. la this 
panel, die hinge region always originates from the same isorype as the C H 1 
domain, rcsnhmg in eighi possible pcimacanons of the heavy-chain constanc 
region 

rirtmaifi^ of which six were available for analysis in the present study. 
The second panel of recoinbinanc Ji/y* constructs is composed of thufflrd 
IgG, and IgG 4 constaat-region domains, with DNA reanangemeni performed 
in the mid-C,^ domain sequences, resulting in a total of four permutations 
(Table 1). 

Proteins were gently iodinated with ,a *I by die Iodogen (Fierce Chemical 
Co.. Rockford, IL) method (16) to a specific activity of apprcoutnascty 1-2 
ud/ug as described previously (10). Free iodine was separated from tibe 
iodinated proteins by passage over a size exclusion column (Sephadex G-25; 
Pharmacia Fine Chemirafo Pisca»way r KJ). 

Animals. Adult SOD 2 mice were used to study half-life, acccading to our 
previously described model (10). Thyroid uptake of radioiodinc was blocked 
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T*bfcl Competition and katf-Ufe of wiU^typc and reoombinam iMmunoglahaimt 
£chue ^hole-body feOf-lifc (mean ± SD.) tat iwo fcnriUw of iodinmcd recomhintai 
human imnmooglnhulm corotructt, inje cted inmvfrntiudy into SOD mice. 
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by the addition of three drops of Strong TivW (LugoTs) Solution U. S. P. 
(Reponal Service Center, IncL Wobum, MA) 10 me drinking water for ) week 
before and during the dnr&don of the study. Prior use of this protocol has 
effectively blocked thyroid uptake in clearance and inuring studies. Each of 
the six immunoglobulins of the 7^ panel were studied in three mice, 
whereas the four yfy^ constructs were studied in five mice 

Whole-Body Half-life Determination. The basic method of administra- 
tion and measurement has been detailed previously (10). Each mouse received 
injections in the tail vein of approximately 0.1 u£i of activity in a volume of 
0J ml of PBS. Whole-body retention of the radiolabeled antibodies was 
followed using one of two configurations of whole-body counters, m a van* 



aoon of onr previously described method (10). For toe 7^75 panel, counts were 
obtained using an early-vintage commercial whole-body animal counter 
CARMAC Scmdllarjon Detector, Packard Instrument^ Downers Grove, IL), 
whereas for the 7,/y, constructs, a cuswmi-aesigncd well-type Nal soim'tjaoon 
detector (Wm, B. Johnson and Associates, Fairea, WV) was ^ffrfa^ to a 
multichannel analyzer (Packard Series 35; Packard Instruments), Whole-body 
measurements were taken immediately after injection of immunoglobulin, and 
*t decent intervals tocreaficr over a span of 2 weeks. Ac (be conclusion of 
half-Hfc measurements in the coiwrucis. three of five mice in each of the 
four groups received Lp. injections of 50 mn. of reconstituted human ^-globulin 
(Conn Fraction E and 01; Sigma Chemical Co.)- An adcaiional whole body 
me«nreroeni was performed 2 days mereafter. to evaluate for a chance in the 
rate of catabottsm. 

Whole body measiiremenis Were corrected for background radioactivity and 
uwopie decay, and the retained activity was described as a percentage of mat 
present immediately after injection. Terminal (0-pbase) half-life of whole body 
disappearance of the labeled antibody was calculated by nonlinear regression 
of the data points from 2 days onward, using a commercially available 
pharmacokinetic software package (PCNONLLN; SO Software, Inc.. Leung- 
ion, KY), as described (10). 

Tests of Statistical Stcnfticajice, Because of the small sample size and 
variable SD, nonparametric tests were initially used. The overall effect of 
antibody composition on half-life was evaluated by the Kniskal-Wailis test, 
and pair-wise comparisons were performed using the Wikoxon Rank-Sum 
test- For the panel of y x iy A constructs, six multiple comparisons were made 
among the four groups, and Bgnificance was determined by comparison with 
the adjusted type-] error probability. For the 15 pairwise comparisons of the 
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Rg. 1. Semilog plot or retained whole-body radiooctiviry of the 
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Pig. 2. TMttliul (0) phase half-life of whoJe-body clearance of the iodiimled antibody. 
A, half-life of iho y^y^ antibodies with the three arumila ia etch group {bar), Tbc HalMifc 
gradually decreases as die compoainoc pcegicued from IgG* Lo IgG,. 4. baff-lifc of the 
y % fy A panel with each of die five animila/group (ba/U Of note, ibe terminal turiMife of the 
4-4-4/1-1 fccombinom molecule exceeda thai of both wild-type pmcnlal immunoglobu- 
lin. 



six y 2 fj2 constructs, die small sample size precluded attaining deox-cut sig- 
nificance using the highly conservative noiipanixnefne techniques, and analysis 
of boderline significance was further supplemented by performing a one-way 
ANOVA with 15 pairwisc comparisons. 

RESULTS 

Clearances of the wild-type and recombinant antibodies was Dipha- 
sic with a more rapid initial clearance followed by a slower subse- 
quent rate, conforming to a model of first-order kinetics (Fig. I, A and 
B). Individual 0-phase half-lives are displayed in Fig. 2, A and B 9 and 
grouped statistical parameters are listed in Table 1. In the yJy* panel, 
as successive domains were varied from y t to y 3 , half-life gradually 
decreased from 337.0 h to 70.6 h. The overall comparison among the 
six groups was significant with a P of 0.0054. All of the 15 pairwisc 
comparisons were identically significant with borderline Ps of 0.0495, 
as compared with the adjusted P of 0.05/15. Although half-life values 
of animals within different groups did not overlap each other and 
were, therefore, maximally significant, the borderline significance 
was attributed to the small group size (n = 3) In this nonparamcnic 
test, A less conservative parametric analysis using ANOVA suggested 
that significant results would be obtained in larger cohorts for each of 
the pairwise comparisons (P < 0.003), with the exception of 3-3-3-2 
versus either 3-3-2-3 or 3-3-3-3. 

In the panel of y x /y A constructs, the antibody with y A amino 
terminus spliced to y { COOH terminus within the C„2 domain (4- 
4-4/1-1) had a half-life of 281.5 h. greater than either parental 
immunoglobulin (half-lives of 199.0 and 77-3 h for IgG l and IgG 4 , 
respectively), whereas the antibody with 7, amino tennimis spliced to 
y A COOH terminus (1-1-1/4-4) had an intermediate half-life of 172.1 
k The overall group comparison was significant (P = 0.0005), as 



were all six pairwisc comparisons relative to the adjusted rype-1 error 
P of 0.0083 (0.05/6; P = 0.0122). Finally, all four IgGl/IgG 4 con- 
structs demonstrated presence of die concentration catabolism phe- 
nomenon, evidenced by an accelerated rate of clearance after y- 
globulin administration at 15 days (Fig- IB). 

DISCUSSION 

Intravascular and whole-body clearance of administered antibodies 
are key variables in describing pharmacokinetic behavior. Knowledge 
of structural features that control half-life is invaluable in designing 
immunological molecules for diagnostic or therapeutic human use. 
Despite this importance, mechanisms and structures that regulate 
immunoglobulin half-life have only recently begun to be elucidated 
(7, 8, 17-19). 

An early model of IgG regulation, proposed by Brambell et aL (20), 
attempts to address the unusual conccntration-ca&abolism phenome- 
non unique to IgG catabolism, whereby increasing IgG levels result in 
an acceiated rate of catabolism, Brambell (21) hypothesized a spe- 
cific, saturable receptor for immunoglobulin, winch c o nferred protec- 
tion from degradation. The identity of such a receptor has recently 
been shown by several groups (17-19) to be the MHC class I-rclatcd 
receptor, FcRn, which binds sequences in the C H 2 and 0^3 region of 
the IgG molecule implicated in regulation of murine immunoglobulin 
metabolism (7, 8). 

An animal model of antibody clearance Is an important first step to 
probing the catabolic behavior of human antibodies. Nonetheless, one 
must interpret the results in mis heterologous sysiem with some 
degree of caution because it is possible that human immunoglobulins 
may not interact appropriately with the putative mouse receptors. For 
example, in man, the IgG subclasses have half-lives of approximately 
25 days, with the exception of IgG 3 , which has a half-life of 7 days 
(12). In the SOD mouse, both IgG 3 and IgG* arc noted to have shorter 
half-lives than IgG, and IgG 2 (10). suggesting that the regulation of 
the intravascular metabolism of the human isotypes is, at best, only 
partially reflected in the mouse model. Nonetheless, preservation of 
the concentraoon-catabolism phenomenon, a unique feature of IgG 
metabolism (12, 13), does speak for some fidelity to normal catabolic 
pathways. 

As a general rule, previous work defining the structural correlates 
of antibody functional behavior have associated various attributes 
with specific loci on the molecule. For example, complement binding 
occurs on an exposed face of the C H 2 domain (15), whereas hinge- 
proximal sequences in C„2 have been associated with binding to the 
human Fc-yRI receptor (22). In contrast, the present investigation 
suggests that all three regions contribute incrementally to the overall 
race of catabolism. The C„2-C„3 domain interface, which interacts 
with the putative "Brambell" receptor mentioned above (17-19), has 
been demonstrated to be of importance in regulating metabolism of 
IgG, in mice (7, 8). Our findings do not contradict mis conclusion, but 
instead emphasae mat multiple regions are likely involved In the 
regulation of immunoglobulin half-life, either exerting their effects by 
conformational changes on the C^l and C H 3 regions, altered suscep- 
tibility to proteolysis, or possibly by additional receptor interaction* 
that have yet to be elucidated, A previous study of intrinsically labeled 
mutant murine inimunogiobulin with hybrid heavy chains (23) has 
shown that the detenrjinant of subclass-specxfic catabolic rate in mice 
resides in the COOH-terminal end of the C„2 and in die C«3 domain, 
paralleling the conclusions of Kim et aL (7, 8). A further conclusion 
of that study, consistent with the present observation, is that deletion 
of any of the constant domains of IgG^, results in the shortening of 
intravascular half-life either directly or by inducing conformational 
changes elsewhere in the molecule (23). 
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A provocative finding with the y x ly+ pajjd of anubodies is the 
prolonged half-life of the yjy x recombinant molecule consistently 
observed with different preparations of antibodies and differing 
sources of SCXD mice (data not shown). Because binding by the 
putative "BrambelT receptor, FcRn, is iirfhipjinnri by sequences in the 
C H 2 region (7, 8), it may not be surprising that an intrariimutin 
mutation in this region would have a profound effect on antibody 
clearance. It, however, remains unexplained exactly how these 
changes lead to prolongation of half-life. Possibly the 4-4-4/1-1 
antibody has a higher affinity for the protective receptor than either 
lgGj or IgG 4 . To our knowledge* binding constants for the interaction 
of human constant regions with murine FcRn have not been deter- 
mined. Alternatively, the increased half-life could originate from a 
change in the number of normal regulatory regions on the immuno- 
globulin molecule (a "dosage" effect), or may instead reflect a novel 
mechanism, possibly through conformational changes or additional 
interactions with a specific receptor. 

The presently described whole-body half-lives of the wild-type 
immunoglobulins are similar to the immunoglobulin whole-body half- 
life values described for SCID mice in our initial study, ranging 
between 8% and 18% higher than initially described, and in the same 
relative rank order (10). This minor difference is within the range of 
rntragroup variation typically noted on measurements performed on 
different occasions, possibly related to variation in animal si? e T met- 
abolic rate, and other environmental factors. Our measurements may 
also be compared with those of other investigators who have meas- 
ured the clearance of specific immunoglobulins in SCID mice, by 
differing methods. Bazin et al (24), using immunological means, 
found that the serum half-life of an IgG 3 antihuman Rh(D) antibody 
in SCID mice was 6.3 ± 0.5 days. Hassan « al (25), assaying by 
sandwich ELISA, demonstrated that human donor and mouse-human 
chimeric lgG a had serum half-lives of approximately 7 days in SCID 
mice. Although these values are longer than those noted in our present 
and previous studies (10), variation in apparent immunoglobulin half- 
life based on the method of assay is a well known phenomenon (12, 
13) and is a possible cause of the difference in results. In contrast to 
the various techniques of assaying serum by immunological means, 
we have used whole-body measurements of iodinated proteins, be- 
cause it avoids perturbation of the intravascular pool by periodic 
bleeding, which can artifacrually affect the apparent clearance rate. In 
concordance with our findings, Bazin et al (24) and Hassan et al (25) 
demonstrated that injection of human serum resulted in an accelerated 
clearance of IgG 5 (coricentration-catabolism phenomenon). 

In summary, we have shown thai all three of the constant region 
domains have an incremental effect on the half-life of IgG 2 and IgC^. 
This effect may, in factt be mwtiar^fl by interaction of a single region 
of the immunoglobulin molecule with a specific receptor, as suggested 
by Kim et al (7, 8), with conformational effects on the receptor 
binding site mediated by the other regions of the immunoglobulin 
molecule. The hybrid y 4 /y, molecule, with a half-life greater than 
either parental immunoglobulin, raises interesting possibilities regard- 
ing mechanisms controlling immunoglobulin metabolism. Additional 
studies of selec t ed immunoglobulins bearing single amino acid 
changes will define the relationship between the affinity for FcRn and 



the observed serum half-life and may suggest additional elements that 
regulate in vivo half-life. Understanding the Tngphaniemc and path- 
ways of antibody clearance will result in the ability to produce 
immunoglobulins with improved pharmacokinetic properties. 

REFERENCES 

1. Zuckier, U 5-, *nd DcNardo, C. L Trinh and tribuUiicn* oncological antibody 
bilging come* ip fee fotr. Seisin. NucL Mcd„ 27: 10->9, 1997. 

2. F-D-C Reporti. Inc. The NDA pipeline- 1996. Chevy Chase, MO: F-D-C Ropom. ; 
iML. 1997. . 

3. Hand. P. R, Kashmiri, S. V. S„ and $ehk*n. J. Potential for recombinant immuoo. . 
globulin coasnuent in die management of car^mnniL Canoer (PkilaA ?£ (Supol 3V 
1105-1113. 1994. 

4. Median, S. L_ Johnaon, M. J„ Hertenbenj, L- A., and Oi, V. T. Chimeric human 
antibody molecules: mouse antigen -binding domains wxih human constant re^'on . 
domains. Proc. NaiL Acad Sd. USA, W.* 685 1-6855. 1984. 

5. Winter, G- and Milsiein, C Man-made antibodies. Nature (Londl 349- 293-299 
1991. ' 

6. Wright. A_ Shin, S-IL. and Monfom, 5- L. Genetically engineered anriv^i^ 
progress and prospects. Cm. Rev. Immunol., 12: 125-168, 1991 

7. Kim. J-It, Tsen, M-F, Ghetie. V. and Ward. E. S. Ideodrying amino acid rendum 
thai influence plasma clearance of murine igCl fragments by site-directed mutagen* 
ecis. Eur. J. Immunol.. 24: 542-548. 1994. 

8. Kim. ). Km Ttetu M F H Gheue. V. and Ward, £. J. Camboliam of the murine Igfji 
molecule; evidence Innt both CH2-Q13 domain interface* are required for penisteaoe 
of IgOi in the circulation of mice. Scand. J. Immunol., 4Q: 457-465, 1994. 

9. Junghuna, R. p, finally. The Brunbdl recepcof ffirRB). Mediator of transmission of 
immunity and protection from canboliam for IgG. Immunol. Res.. 16: 29-57, J "77. 

10. Zuckier. U 5„ Georgescu, U Quag. C J., Scharff, M. D„ and Morrison. S. L, The 
use of severe combined imrnimoddicicncy mice io study Die metabolism of noma 
immunoglobulin c. Cancer (Praia.), 73 <Suppl 3).* 794-799. 1994. 

t J. Bosma. G. C Custer. R. ?» and Bosma, M.J. A severe combined imrnunocteficteBcy 
nutation in the mouse. Nature (Lond.), 301: 527-53a 1983. 

12. Z uck ier . 1_ Rodriguez. U Dm and Schnrff. M. D. lmmunolopc and ptiannaoologxc 
concepts of mtmodonaJ antibodies. Semin. Nucl. Med, 79: 166-186. 1989. 

13. WoldmaiM. T. A^ and Slrobcr. W. Metabolism of immunoglobulins. Pros. Allergy. 
13: MIO, 1969. 

14. Canfield. S. M_ and Momiton. 5. U The binding affinity of human 1*G for hi high 
affinity Pc receptor is determined by multiple amino acids in the Ch2 domain and ia 
modulated by the hinge region. J. ezp. McdL. 173: 1483-1491, 1991- 

15. Too, M. R. Canfield. S. and Mormon. 5. L. The deferential ability of human 
IgGl and IgC4 id acdvaic complement is deterimned by the COOH-tcrramal k> 
quence of the domain. J. Exp. Med, 173: 1025-1028, 1991. 

16. Prakcr. P. J., and Speck. J. C, Jr. Protein and ccD membraac uxHnaUons with a 
xnaringjy soluble chicmamide, lA4^Keiraeh!a^3a l 6aHiipheflyl^ytoluril. Bio- 
chem. Biopbys. Res. Commun. 80: W9-857, l97«. 

17. Cmetie. V, Hubbard, J. G„ Kim. T. K_ Tstn, M. F« Lcc Y- and Ward, E. S. 
Abnormally ebon serum hnlf-UvcA of IgG in ^2-micro|^obuIin-dcficieiit *vf r-» Box. 
J. ImmunoU 2$: 690-496, 1996. 

18. Jimcham, R. P„ and Anocrsoo, C. L. The praiccijon nxqtor for JgG canbolitm is the 
^-mk^globuUn-contaiiiing neooaiol inrrjtriml transport recepto r . Proc NaU. Acad. 
Set. USA, P3: 5512-5516. 1996. 

19. lirael. E. J., Wildccr, D. Hnyes, K. C SdnoenfeU. D, and Simitter, N. B. 
Increased eleanuice of IgG in mioc ihat lack ^-micro^obulin: possible protective 
role of FcRn. imranology. 89: 573-57R. 1996. 

20. BfunbejJ. p. W. IL, Hemmingi. W. A., and Morris, LG.A meoreikaj model of 
^globulin catabolUm. Nature (LmmL), 203: 1352-1355, 1964. 

2t. BrainbeU, F. W. R. The txanunusion of immuntty bom nunher co yauuz and ihe 
c amhnl i mn of immuno^dbahna, Lancci, 2: 1087-1099. 1966. 

22. DuDcan, A. K, Woof, J. M., Partridge. L, J.. Bufinn, D. R., ind Wiiuxe, a tocal- 
hnnan of the binding die fur the human higb-iftftiiy Fc receptor on IgG. Name ' 
(Lond.). 332: 563-S64, 1988. 

23. Pollock. R. R. Fraodb. D. U Metby, J. Binhuiq, B. JL, and Sduvft M a 
Introvaacular xneiaboli^n of normal and muum mouac imnrano^lobiilin molecules. 
Eur. J. ImmunoU 20: 2C21-2027, 1990. 

24. Bim, IL Boucher, G„ Monier, G. t Cbevrier. M-C.. Vexrede, Braly, R, and 
Lemieux, R. Use pf hv-lgG-5CID mice to evaluate ite in vtvo sabfliry of ntmun 
monoclooa) IgG antibodiei. J. ImTrnmnl Methods, 172: 209-217, 1994. 

25. Hassan. M. Abedi-Valugerdi, M. Le£nnc G., Huaznamrom, U and 

C. 1 E. Biological half-life of normal and truncated human leG) in acid miw Euf. 
I Immunol, 21: 1M9-IJ22, 1991- 



11/15/01 13:09 FAI 612 6257264 



U OF M CENTRAL LIBRARY 




FACIAL JOURNAL OF THE AMERICAN ASSOCIATION FOR CANCER RESEARCH 




Coming Ibg^^ - 



■ : *> 




Septembers 1998 
Volume 58 • Number 17 
PP. 3761-4021 
ISSN 0008-5472 • CNREA 8 



11/15/01 13:10 FAI 812 6257264 



U OF M CENTRAL LIBRARY 



004 



Notice to Members of the American Association for Cancer Research (AACR) 
Officers M J99it-J999 

PrtJtdem: Webster K. Cavenee, Ludwig Institute far Cancer Research, U Jolls. CA 92093-0660 
Presidenr-Elect Daniel D. Von Ho/T, Institute for Drug DevfilopmeAi, San Amcoio. IX 7B24S 
Treasurer Bayard D. Carbon, Memorial Sloa^Kenaring Cancer Center. New York, NY J 0021 

Executive Director: Margaret Foil, AACR, Public Ledger Bldfr, Suite 626, 150 Sooth lodcpendcoct Mall Weat* Philadelplna, PA 19106-3483 
Annual Dues 

The annual dues of active member* of the AACR are $175, S90 of which nay be applied to a subscription to Canter Research. Corresponding mexnber$ of foe Association wfll be 
charged an appropriate fee to offset postage emu. Payment of dues and change* of address of members of the Association should be sent promptly ta Member Service*, AACR, Public 
Ledger Bldg^ Suite 826, 150 South Independence MaU West. Philadelphia. PA 19106-3483. Telephone: (215) 440-9300; FAX (215) 4404313. 



Back Issues and Single Copy Sales of the Journal 

Copies of bock stock of the journal Cancer Research may be ordered from AACR Subscription Office, P.O. Box 1 1806, Birmingham, AL 35202 (Telephone: (800) 633-4931 ox 
(205) 995-1567; FAX; (205) 995-15881. As lorn; as supplies permit, single copies of Cancer Research will be sold at 530 per copy for regular and Supplement issues, plus £4 shipping 
for orders outside the U.S. The or/mini Proceedings of the American Association far Cancer Restart* is available at $45 per copy, plus 56 shipping for orders outside die U_£. 



Advertisements In Cancer Research 

AdveniBenicnT insertion orders and copy must be received approximately 5 weeks prior to the dam of the issue in which the advertisement is to be puhli shed- The journal is moiled 
approximately 5 days preceding the date of issue. Inquiries about advertising should be directed lo: M. I. Mrvica Associates, Inc.. 2 West Taunton Avenue. Berlin, NJ 08009 
[Telephone; (609) 768-9360: FAX; (609) 753-0064). 



Historical Cover Themes 

Readers are invited to submit themes (events, persons, institutions) for consideration for die ill usnaied covers of Cancer Research. Correspondence residing suggested cover thcrnna, 
or other matters regarding covers, should be addressed to the Cover Editor, AACR Publication* Deportment 



Submission of Manuscripts 

Manuscripts should be sent to the attention o£ Dr. Carlo M. Croce, Editor- to -Chief, AACR Publication* Depinment, Public Ledger BJdg., Suite 826, 150 South Independence Mall 
West. Prdlaaelphia, PA 19106-3483. Telephone: (215)440-9300. If accepted, they will he listed under on* of ten categories in die Table of Contents. Please specify in a covering leoer 
which category applies to your submission: biochemistry and biophysics, caicinogenesis. clinical investigation*, endocrinology, epidemiology and prevention, experimental 
therapeutics, immunology, molecular biology and genetics, tumor biology, and virology. (Pinal categorization in die Table of Content! is at the discretion of the Editor-in-Chief.) For 
other submission reqinremsnts, consult (he ^Instructions for Authors' printed in the January J issue of the journal and available through the AACR Website at bnp^Avww^acrxfg/ 
Quiuisx.htm. Reprints of the "Instructions" are available also upon request 

Manuscript Processing Fee 

Journal policy requires thai a manuscript processing fee of S75 be assessed for each paper to defray the expenses incurred in the editorial review process. Each manuscript 
submitied for publication should be accompanied by a check (drawn on a ULS. bank) for £H in U. S. euuency, payable to AACR* Inc« or credit card information (VISA. Mastercard, 
or American Express) should be supplied. Note; If on author resubmits a manuscript that our Editors previously found unacceptable for publication, it is journal policy to consider 
it a new submission, assign it a new manuscript number, and charge the author another S75 handling fee id cover the con of review. 

Page Charges 

Accepted manuscripts win be published with the imdnrHrsnmng that die antbar<B) will pay a charge of $80 per primed page. Under exceptional circomsanoei. when no gram or 
other source of support exists, the mrtharfs) may apply to Dr. Carlo M. Croce, Edimr-in-Chicf, as the time of vtbmirxwn. for • waiver of the page charges. All such application* 
must be countersigned by an (appropriate instimtioonl official stating thai no funds are available for the payment of page charge*. 

Copyright and Copyright Clearance Center 

The Copyright Revision Act (PL 94-553). which became effective January I, 1978, states thai the copyright of a work is vested in the author from the meanest of creation. 
Therefore, all authors who wish to publish in Cancer Research must formally transfer copyright to the proprietor of the journal AACR. Inc. It is understood by ttni bmnsfer mat 
the authors relinquish all exclusive rights of copyright ownership, including the rights of reproduction, derivition, distribution, sale, and display. 

Authors who prepared their articles as part of their official duties as employee* of the U. S. Federal Government are not required to transfer copyright to the Ainericjm Association 
for Cancer Research, Inc. since these articles are considered to be in the public domain. However, it is necessary for niese authors to sign the appropriate secbon of the transfer 
form. In the case of articles supported by federal grants or contracts, copyright nansfer &> AACR* liu^, is r eq u ired. The federal government may retain a nonexclusive license to 
publish or republish such mUeriaL 

Gepie* of articles tor which AACR, Inc. owns dte copyright may be made for persona) or internal uxe, provided that (he copier pay the per-copy fee of $4 through the Copyright 
rirararyy Center. Inc. This Center is a nonprofit organization tisougb which individual* and hudmtioits may reimburse a copyright owner for photocopying journal articles beyond 
whai is defined as "fair use* in Sections 107 and 108 of die Copyright Revision Act of 1978. Those who with to photocopy Cancer Research articles may report the number of 
copies they have made, together with the fee code 0008-5472/98 504.00, to: Copyright Clearance Center, Inc^ 222 Rosewood Drive, Danvcrs, MA 01923; (508) 750-8400- 
Remittances may be sent to the Center at die time of reporting or the Center will bill the user on a monthly basis, tfeposit accounts and prepaytnem plant may also be arranged. 

Between June 1976 and August 1983. a fee code appeared on the first page of aO articles for which Cancer Research owned the copyright. For those issues, ii is understood thai 
any articles which did not cany dus code are in (he public domain. 



Cancer Reieajch is obstructed or indexed in Biological Abstracts, Chemical Abstracts, Index Mcdicvs, MEDLINE, Current Contents, and Reference Update. This journal is primed 
On CCid-free paper. 



No res^ooitbiGry is accepted by the Editors, by AACR, Ine-, or by Cudrous Journal Services for the opinions expressed by contributors or for the content of the 
advertisement*. 

Cancer Xenon* (ISSN 0008-5472) is published twice a month by the American Association for Cancer Research. Iac_ Public Ledger Bldg,, Suiie 826. 150 South Indepcjitenx Mull 
WesL Philadelphia, FA I910$-3*W3 for 590 annually for meinbcn and $495 for mdividual nonmembers. Cancer Research is only available to institutions as a combined subscription 
with Clinical Cancer Research. The combined 1998 ins titutio nal suhacripdon price of 5795 includes a subscription to Clinical Cancer Research, Periodicals postage paid at 
Philadelphia. Pa and additional mailing offices. POSTMASTER; Send address changes to AACR Subscription Office, P.O. Box 11806, Birmingham, At 35202. Copyricht 1998 by 
die American Association for Cancer Research. Inc. Printed in the U-S-A, 



